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Table 1. Analysis of variance effect of water stress on seed germination components in Salvia

Mean of squares &l o (5Sleo

Source of variation

6ol3T ax o

Sl ae)s
Germination percentage

Vigor index

Water stress (WS) 1 i 6061.55™ 83.968™
Species (S) 455 520.08" 2.054™
(S) X(WS) w55 x ol s 6.08m 0.699"
Error isbe;l slas 36 8.58 0.210
CV (%) (0uy3) oS o 8.40 15.36

**: Significant at 1% probability levels
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Figure 2. Effects of species on germaination
percent of Salvia
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Figure 1. Effects of water stress on germaination
percent of Salvia.
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Table 2. Effects of water stress on vigor index of two Salvia species

45 (JSubKe) o s s als
Species Water stress (M Pa) Vigor index
0 8.25%
_ -0.1 6.72°
sl B e 03 3.09
Salvia macrosiphon 05 0.82d
-0.7 0.29¢
0 6.93%
-0.1 5.87°
5 e -0.3 2.54¢
Salvia officinalis 0.5 0.90¢
-0.7 0.31¢
-0.9 0.12¢
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common letters have no significant difference based on the least significant difference (LSD) mean comparison test at the 5%
probability level.
5 0 53 53wy Sl (ol S T (Ol po (Sl il )lg 4325 Y Jgu
Table 3. Analysis of variance (mean square) effect of water stress on growth indices in Salvia

Mean of squares la po (xSl

s golie @lilazys  olusls Jsb azady) Job olusls Sz 434 dzady, Si 5
Source of variation df Shoot length Root length Shoot dry weight Root dry weight
Water stress (WS) ol i 5 45.098™ 26.134™ 0.000036™" 0.0000114™
Species (S) «¢5 1 9.013™ 3.413™ 0.000183"" 0.0000544™
(S)x (WS) aig% x o s 5 2.514™ 0.777" 0.000002" 0.0000009™
Error iobejl las 36 0.232 0.109 0.000001 0.0000004
CV (%) (ao,0) Ol s o i - 13.85 13.17 12.52 18.08

**: Significant at 1% probability levels; ™: non significant
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#1,0 wls lis (Jahanbakhish ef al., 2019) | |Sea

Gl glaceiss] azady, Job ol a5 Gl
8L zelS (Matricaria chamomilla) £5¢b axalS
i azady; Job (o FelisS g pail &S sk
ST g )b Y A mhe 5o GleS oSS 4 by
Q0 S by e plog L -F i mhaw jo leas!
Ol Gl 5o 2blS el o Sid 15 S ilj8l as
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Jib alS se 5 & il adl T s
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s Sl 5 20lS Loy e 5 5SS
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(Hosseini et al., 2020) Ko § o aslllae
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Az dl ) S 039
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o b dolio o lg) (S o0 po azady; Sis ()
(Y Jgoz) 090 yien doy0 YAN éf

2 azady, ojy pell Jle 5l S Yl
a8 JUil g 38 slye b8 55 jraS T (gla ity
aile alge B,k 5l el i 9o 4 ad 5l Loyl
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-oi> J5 o (Sabokdast et al., 2018) wigs azaiy,

5 5 059 SSle> (Tanacetum cineraiifolium) .5
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ol Y 1) T gl il 2l el IS
#E e bl Job JRGLBe -0/ oY
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(Javaid et al., sas aswgs 1) o lusli 5 azaiy, Ailgs
2022)
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o)l.w.&l.& S 039

T NR) S g (W 0 a5 o [V) i
2 e i (A5 e e o)l Sis s (A9 y0 )5
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a a W Control
7 4 u-0.]1MPa
6 b -0.3MPa
a ab
5 T a 2 b -0.5 Mpa
8 g a b b m-(.7 MPa
D 8/ 4 4
3 = b u-0.9 MPa
Y Gt 3 A c
18 ¢ c
~ 4 9 | c d
d d q
] - A ]
0 - | [ | I
A S S o K S S o
Salvia officinalis Salvia macrosiphon Salvia officinalis Salvia macrosiphon
Cro o) a2ty S5k (o s5l) o jluctls S ob
Root length (cm) Shoot length (cm)

5 e p0 409 90 0 Lt L g az el Jsb 1 ol G Y s
Figrue 3. Effect of water stress on root and shoot length of two species Salvia.
;3 [LSD) o g BB Jolas . Sleo aslite 395) ooll Jo e B pae Kl aygin ;0 S i B> 435 ,o sy
el 0o,0 0 Jleis ] adas
For each species, the common letters on columns present significant differences based on the least significant
difference (LSD) mean comparison test at the 5% probability level.
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Table 4. Effects of water stress and species on germaination percent and dry weight of shoot and root of Salvia

(JSable) o o (09 ol K23 3 (p5) azaty; S5 s

Water stress (MPa) Shoot dry weight (g) Root dry weight (g)
0 0.0140? 0.00722
-0.1 0.01322 0.0062°
-0.3 0.0111° 0.0054¢
-0.5 0.0060° 0.0027¢
-0.7 0.0052¢ 0.0013¢
-0.9 0.00414 0.0005f
Species (S) a5
Salvia officinalis J5 s 5o 0.0071° 0.0032°
Salvia macrosiphon slg 5 s ye 0.0087* 0.0041?

b ;3 (LSD) jls cae S Jolas . Kleo anlite o303] elwl 2 o g S| W3 S e gy« Jule jo sl csiw o 0
s oy 0l
In each column, for each factor, the common letters have no significant difference based on the least significant difference
(LSD) mean comparison test at the 5% probability level.
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Table 5. Estimated parameters hydrotime model for seed germination using different distributions in two Salvia species

wbsome ol 00 slral desily @ sl Sl . S s
oL5 &y . < 55l b Sty I e s
- (sl SRy Sl ey ol dely . . S
Genotype ~ Frobability Kbl sl ot Jeestess P
distribution 0u=SE (JSub ) AL - Rag MO
(MPa h) Yo 50)£SE (MPa)  oyu+SE (MPa) AICc
Gumbel <5  43.28+1.456 -0.388£0.010  0.324+£0.007  0.051 0.956 -1709.97
Sl B e J‘“‘“’ ;“' 40.15+1.440 -0.359£0.009  0.190£0.004  0.049 0.959 -1730.75
Salvia Logistic
macrosiphon Jbos
> 46.908+2.083  -0.387+0.013 0.359+0.007  0.204 0.925 -1001.40
Normal
Gumbel Lol5  101.30+2.406 -0.652+0.013 0.343£0.006  0.041 0.968 -2140.13
LN <
Salvia = 95.46+2.509 -0.611£0.013 0.203£0.004  0.040 0.969 -2151.31
officinalis Logistic
" Normal Jl,;  93.79+3.919 -0.598+0.020  0.381£0.006  0.181 0.947 -1345.46
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Figure 4. Cumulative germination of Salvia macrosiphon (A) and_Salvia officinalis (B) seeds in a range of water potentials based on
logistic distribution.
The observed data were shown with points (circle), and the lines were predicted by the hydrotime model based on logistic distribution.
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Figure 5. Regression 1:1 between the observed germination percentage and the predicted germination
percentage based on the hydrotime model with Logistic in Salvia macrosiphon (A) and Salvia officinalis
(B). The 1:1 regression line is shown in red, which matches the green line.
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Abstract

Salvia is one of the important medicinal plants and identifying the optimal conditions for its proper
growth under environmental stress can play an important role in reducing its production cost and
productivity. In this regard, this research was carried out to evaluate the effects of water stress on
germination components and to quantify the effect of stress on germination responses of Salvia at [lam
University in 2023. The experimental factors included water stress induced by polyethylene glycol
(PEG) 6000 at six levels (zero, -0.1, -0.3, -0.5, -0.7, and -0.9 MPa) and two types of Salvia (included
Salvia macrosiphon and Salvia officinalis). Based on the results, the mean of percentage of germination
in different of stress levels in S. officinalis (38.2%), was more than to S. macrosiphon (20.8%). By
increasing water stress to -0.3 MPa, the seed germination percentage of both Salvia species decreased
by more than 50%. Based on the hydrotime analysis out of five probability distributions, three functions
Normal, Logistic and Gumbel were convergence and according to the Corrected Akaike Information
Criterion (AICc), adjusted coefficient of determination (R%), and root mean square error (RMSE) in
both Salvia species it was found that Logistic distribution is the best model in justifying their
germination. The estimation of the parameters of hydrotime models showed that the S. macrosiphon
species has a lower hydrotime constant (0n) compared to the S. officinalis, which indicates a higher
germination speed in S. macrosiphon. The value of basic water potential for 50% germination (yb(50))
in S. officinalis (-0.611) was lower than its value in S. macrosiphon (-0.359), which indicates greater
tolerance of S. officinalis against water stress in the germination stage compared to S. macrosiphon.

Keywords: Germination models; Medicinal plant; Water potential

How to cite this article

Rezaei, Z., Roein, Z., Sabouri, A. and Hajinia, S. 2024. Investigating the germination response of two Salvia
species to water stress using the hydrotime model. Iranian Journal of Seed Science and Research, 11(2): 29-
46. (In Persian)(Journal)

DOI: 10.22124/IMS.2024.8668

COPYRIGHTS

Copyrights for this article are retained by the author(s) with publishing rights granted to the Iranian Journal
of Seed Science and Research

The content of this article is distributed under Iranian Journal of Seed Science and Research open access
policy and the terms and conditions of the Creative Commons Attribution 4.0 International (CC-BY4.0)
License. For more information, please visit http://jms.guilan.ac.ir/

1. Graduated M.Sc., Department of Horticulture, Faculty of Agriculture, Ilam University, Ilam, Iran.
rezaei.zahra65@yahoo.com

2. Associate Professor, Department of Horticulture, Faculty of Agriculture, Ilam University, llam, Iran. z.roein@ilam.ac.ir

3. Associate Professor, Department of Agronomy and Plant Breeding, Faculty of Agricultural Sciences, University of Guilan,
Rasht, Iran. a.sabouri@guilan.ac.ir

4. Visiting Teacher, Department of Agronomy and Plant Breeding, Faculty of Agriculture, llam University, Ilam, Iran.
hajinia.2010@gmail.com

*Corresponding author: a.sabouri@guilan.ac.ir

A2



